ABSTRACr We have examined the effect of adding elastase positive sputum from six patients with purulent bronchiectasis on the ciliary beat frequency of nasal epithelium from normal subjects. Control studies of cilia suspended in tissue culture medium showed little change in ciliary beat frequency over six hours. Cilia incubated in elastase positive secretions, however, showed a considerable decrease in ciliary beat frequency over the period, falling from a mean of 13-40 beats/second to 6-78 beats/second (p < 0.001). Inhibition of the elastase activity with pure human al antitrypsin abolished this effect (mean at start 13*75 beats/second, mean at six hours 11-64 beats/second). The patients were then treated with amoxycillin for two weeks and sputum was collected at the end of the course. These secretions showed no detectable elastase activity and also had little effect on ciliary beat frequency. The results suggest that serine proteinase activity associated with elastase can decrease mucociliary function in vitro and that antibiotic treatment even in the apparently stable state may have a beneficial effect.
There is a well recognlsed association between ciliary dysfunction and human disease. The "immotile cilia syndrome" or "primary ciliary dyskinesia" is a hereditary condition in which there is little or no mucociliary transport. The cilia are immotile or dyskinetic and have abnormal ultrastructure. The phenomenon is known to be associated with sinusitis, bronchiectasis, and male infertility.' 2 Other causes of ciliary dysfunction have, however, been reported, including identification of ciliary dyskinetic factors found in the serum of patients with cystic fibrosis,3 various respiratory and autoimmune diseases,4 and asthma.5 Dulfano et a16 7 have shown that sputum from some asthmatic patients is also capable of producing ciliary inhibition when incubated with frog palate mucosa and human bronchial mucosa.
Recent in vitro data have shown that leucocyte elastase (a proteolytic enzyme from the neutrophil polymorph) is capable of inhibiting ciliary activity and damaging respiratory epithelium.8 The secre-tions of patients with purulent bronchiectasis usually show the presence of free elastase activity;9 these patients often have evidence of both reduced mucociliary clearance'0 and epithelial damage."
The present study was initially undertaken to determine the effect of elastase positive bronchial secretions from patients with purulent bronchiectasis on ciliary beat frequency in order to discover whether this was similar to that of the pure enzyme. With these basic data we wished to determine whether inhibition of the elastase activity by pure human a antitrypsin or removal of the elastase activity aiter antibiotic treatment altered the effect of the secretions on ciliary beat frequency.
Methods
Nasal cilia were obtained from healthy people by a non-invasive technique similar to that described by Rutland and 
SAMPLES FROM PATIENTS
Eight patients with a diagnosis of purulent bronchiectasis confirmed by bronchography were studied during the clinically well state in the absence ot any symptoms suggestive of an acute exacerbation. Sputum was collected over four hours from each patient in a sterile pot as free from saliva as possible. The samples were ultracentrifuged at 50000 g for 90 minutes (3°C) to obtain the sol phase; the gel phase was discarded. The presence of elastase activity in the samples was confirmed by elastin agarose diffusion plates (lower limit of detection equivalent The patients were then treated with amoxycillin (250 mg three times daily) for two weeks and repeat samples of sputum were collected on the last day of treatment and examined. In six patients the sputum cleared from purulent to mucoid and elastase activity was lost; secretions from these patients were used for the ciliary beat frequency studies.
EFFECT ON CILIARY BEAT FREQUENCY
Tissue culture medium within the welled microscope slide was aspirated by a Pasteur pipette and filter paper and the well flooded with the secretion to be analysed (200 ,ul). The slide was then sealed and ciliary beat frequency measured hourly for six hours. It was kept in a humidified chamber at 37°C between measurements.
INHIBITION STUDIES
Alpha, antitrypsin was purified from human serum as described previously'4 and dissolved in phosphate buffered saline (PBS), pH 7*2. The experiments were then repeated after sufficient a, antitrypsin had been added to inhibit the elastase activity (confirmed by the elastin plate) in the purulent secretions. As this usually required a 1:2 dilution of the secretions, experiments were also performed with the same amount of PBS alone added to the secretions to act as a control for any dilutional effect that the a, antitrypsin PBS preparation might have on the ciliary beat frequency.
The significance of changes in ciliary beat frequency due to the secretions and the effect of a, antitrypsin and antibiotic treatment were determined with Student's t test.
Results
The four slide preparations showed that cilia continued to beat well for up to six hours without change of the tissue culture medium, although there was a slow decline in ciliary beat frequency during this period (table 2) . The pH range of the sputum samples was 6-7-9-45. The purulent secretions containing elastase activity from the patients with bronchiectasis showed an inhibitory effect on ciliary beat frequency, with a decrease from 13-40 (SEM 0.23) beats/s to (0-27) beats/s over six hours. The change was significantly greater (p < 0-001) than the reduction in ciliary beat frequency seen in tissue culture medium alone from one hour onwards (figs 1 and 3) .
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Discussion
The present study shows that our results for nasal ciliary beat frequency in normal individuals are similar to those of other workers'2 13 and that cilia suspended in tissue culture medium continue to beat at a relatively constant rate for up to six hours, although there is a slight decrease in activity with time (table 2) Using this technique we showed that secretions from patients with purulent bronchiectasis had a detrimental effect on ciliary beat frequency in vitro (figs 1-3). This effect could be due to many possible ciliotoxic factors in the secretion. The pH of the samples is important since Luk et al'6 have recently shown that such changes alone affect ciliary beat frequency; but this effect only occurs when the pH is outside the range 6 5-9 5. The pH of all of our samples lay within this range, making this explanation unlikely. The effect might, however, be predicted from the elastase activity alone since such changes have been demonstrated by purified leucocyte elastase.8 To test this hypothesis we inhibited the elastase with pure a, antitrypsin, confirming that the enzyme activity was due to a serine proteinase such as that from the neutrophil polymorph. The samples subsequently had no effect on ciliary beat frequency. The effect of elastase on the frequency is, however, dose dependent and, since the studies with a, antitrypsin meant dilution of the samples with PBS, we repeated the experiments with PBS alone. The resultant effect on ciliary beat frequency was less than with the secretion alone but still distinct from that of the samples to which a, antitrypsin had been added (figs 1 and 2) . Whether the effect of bronchiectatic secretions on ciliary beat frequency is 
